Abstract Calorie restriction (CR) has been shown to decrease H 2 O 2 production in liver mitochondria, although it is not known if this is due to uniform changes in all mitochondria or changes in particular mitochondrial subpopulations. To address this issue, liver mitochondria from control and CR mice were fractionated using differential centrifugation at 1,000 g, 3,000 g and 10,000 g into distinct populations labeled as M1, M3 and M10, respectively. Mitochondrial protein levels, respiration and H 2 O 2 production were measured in each fraction. CR resulted in a decrease in total protein (mg) in each fraction, although this difference disappeared when adjusted for liver weight (mg protein/g liver weight). No differences in respiration (State 3 or 4) were observed between control and CR mice in any of the mitochondrial fractions. CR decreased H 2 O 2 production in all fractions when mitochondria respired on succinate (Succ), succ+antimycin A (Succ+AA) or pyruvate/malate+rotenone (P/M+ROT). Thus, CR decreased reactive oxygen species (ROS) production under conditions which stimulate mitochondrial complex I ROS production under both forward (P/M+ROT) and backward (Succ & Succ+AA) electron flow. The results indicate that CR decreases H 2 O 2 production in all liver mitochondrial fractions due to a decrease in capacity for ROS production by complex I of the electron transport chain.
Introduction
Calorie restriction (CR), without malnutrition, has been shown to increase maximum life span and prevent or delay the onset of age-associated pathophysiological changes in multiple species (Sohal and Weindruch 1996) . However, the mechanism responsible for the retardation of aging with CR is still not entirely known. The free radical theory of aging (Harman 1956 ) is one of the most popular theories to explain the biochemical basis for aging, and the demonstration that CR decreases both oxidative damage and mitochondrial reactive oxygen species (ROS) production (Merry 2004; Page et al. 2010; Pamplona and Barja 2006; Sohal and Weindruch 1996) has led to speculation that a decrease in oxidative stress is the mechanism for life span extension with CR. Although decreases in H 2 O 2 production (an indicator of ROS production) have been reported in multiple tissues with CR (Page et al. 2010; Pamplona and Barja 2006) , it is not clear if this is due to uniform changes in all mitochondria or if specific subpopulations of mitochondria within a tissue are driving these changes.
The heterogeneity of mitochondrial populations and their fractionation into various sub-populations has been demonstrated previously in a variety of tissues. One strategy for sorting mitochondria into subpopulations is to separate by size based on the gravitational force at which each mitochondrial fraction is obtained by differential centrifugation. Using this strategy, rat liver mitochondria have been separated into three distinct fractions, with the heaviest showing the highest respiration rates (Lanni et al. 1996) . It has been suggested that an association exists between mitochondrial biogenesis and mitochondrial fractions, with a growth cycle existing where lighter mitochondria serve as precursors of the heavy mitochondria (Gianotti et al. 1998; Justo et al. 2005; Koekemoer and Oelofsen 2001; Lombardi et al. 2000) . In support of this idea, it has been shown in brown adipose tissue (BAT) that acute cold exposure or fasting influence primarily the lighter mitochondria (Gianotti et al. 1998; Moreno et al. 1994 ) while chronic fasting, overfeeding or cold acclimation also affects the heavy mitochondria (Gianotti et al. 1998; Matamala et al. 1996; Moreno et al. 1994) .
In addition to the morphological differences between heavy and light mitochondria, there are also biochemical differences between these subpopulations. Studies in liver demonstrate that antioxidant capacity is lower and ROS production and oxygen consumption rates are higher in heavy compared to light mitochondrial fractions (Venditti et al. 1996 (Venditti et al. , 2002 . Similarly, the activities of several enzymes from pathways of intermediary metabolism have been shown to be increased in heavy compared to light mitochondria in both liver and white adipose tissue (Koekemoer and Oelofsen 2001) . In particular, studies have shown that cytochrome c oxidase activity is increased in heavy versus light mitochondria from liver (Koekemoer and Oelofsen 2001; Lanni et al. 1996) white adipose tissue (Koekemoer and Oelofsen 2001) and brown adipose tissue (Moreno et al. 1994) . Thus, there are major biochemical differences between heavy and light mitochondria, and the net impact of any intervention on mitochondrial function will depend on which specific mitochondrial subpopulations are altered.
Although it has frequently been reported that CR decreases liver mitochondrial H 2 O 2 production (Gredilla et al. 2001a; Hagopian et al. 2005; Lambert and Merry 2004; Lopez-Torres et al. 2002) , there is no information about which mitochondrial subpopulations are responsible for this change. The aim of the current study was to determine the influence of CR on H 2 O 2 production in liver mitochondrial subpopulations separated by size through collection of fractions at 1,000 g (M1), 3,000 g (M3) and 10,000 g (M10).
Materials and methods

Animals and diets
Male C57BL/6J mice were purchased from Jackson Laboratories (West Sacramento, CA) at 3 months of age, housed singly and maintained according to the institutional and federal guidelines for the ethical treatment of animals. Animals were kept on a 12 h dark 12 h light cycle with lights on from 0600 to 1800 h, at 22°C, and with free access to water. The mice were fed a non-purified diet, 7012 Teklad (Harlan Laboratories, Madison, WI), ad libitum for 1 month until they were 4 months old. At 4 months of age, the mice were assigned to either a control or calorie restricted group and fed a semi-purified diet (AIN93G) with the CR group being fed 40% less calories. All mice were on this diet for 2 months, which made them 6 months old when used for the experiments.
Chemicals
All chemicals were purchased from Sigma Chemical Company (St Louis, MO). Bio-Rad protein assay kit was from Bio-Rad laboratories (Hercules, CA).
Tissue harvesting
Mice were sacrificed by cervical dislocation and body weights recorded. Liver was removed immediately, weighed and processed for mitochondrial isolation. All other organs and fat pads were removed and their weights recorded. These organs included heart, lungs, spleen, brain and kidneys, while the fat pads included perirenal, epidydimal, mesenteric, subcutaneous and inter-scapular fat pads.
Liver mitochondrial isolation
Livers were removed as quickly as possible and placed in ice-cold isolation medium (220 mM mannitol, 70 mM sucrose, 20 mM Tris-HCl, 1 mM EDTA and 0.1% (w/v) fatty acid-free BSA, pH 7.4 at 4°C) and minced with scissors into small pieces. The buffer was decanted and fresh buffer added to rinse the liver pieces and help in the removal of blood. This was repeated three times and the liver pieces were placed into a glass/Teflon homogenizer containing isolation medium (1:10 w/v) and homogenized with 4-6 strokes of the Teflon pestle at 500 rpm. The homogenizer is kept in an ice-packed beaker during the homogenization process. The homogenate is centrifuged at 500 g for 10 min at 4°C and the resulting supernatant is kept for further analysis while the pellet containing cell debris is discarded. The crude supernatant from above is
